[wt/vol] Endosulfan as the active ingredient) and 1 C-Endosulfan (specific radioactivity, 11 mCi/mMol [407 MBq/ mMol]) were obtained from Hoechst Chemical Co. The solvent of Thiodan CE formulation, composed mainly by xylene isomers, was removed by vacuum distillation, yielding a residue we refer to as Thiodan R. This residue was dissolved in ethanol to match the 35% concentration of Endosulfan in the commercial product Thiodan CE. The molar proportion of Endosulfan to the solvent xylene was 1:4.5, and that of Thiodan-R to ethanol was 1:10. Growth experiments with A. lipoferum SpBrl7 (ATCC 29709) were done in tubes containing 5 ml of nitrogen-free base supplemented with 0.8 g of ammonium nitrate per liter (4) . Pesticides and solvents were added in different concen- trations. The tubes were inoculated with 5 x 105 cells per ml and incubated for 48 h at 32°C in a shaker at 100 rpm. Growth of three different assays was measured by protein content (10) . To determine the influence of the pesticide on nitrogenase activity, three experiments were done in triplicate under nitrogen-fixing conditions (4). After incubation in flasks for 24 h at 32°C, 0.1-ml volumes of chemical stock suspensions were added carefully to avoid any disturbance of the Azospirillum pellicule. Nitrogenase activity was determined by the acetylene reduction assay after an additional incubation for 1 h at 32°C in the presence of 1% (vol/vol) acetylene atmosphere (5) . Cell morphology and cell motility were observed in wet mounts by optical microscopy during the growth experiments.
Binding of C-Endosulfan to structural components of the cell was stabilized by a photoinduced fixation technique (1 (10) and bound radioactivity by liquid scintillation counting. The data show results from at least three experiments.
For subcellular binding experiments, cells were incubated for 20 min at 32 and 2°C. Endosulfan concentration, photoinduced binding, and washing were as described above. Cell pellets were resuspended in 5 ml of nitrogen-free base and broken by sonication. The cell envelope (including membranes and cell wall) and the cytosol supernatant were separated by centrifugation at 100,000 x g for 1 h. Each fraction was treated with 25% ethanolic trichloroacetic acid at 4°C. The final pellets were treated as previously described to measure protein and radioactivity.
For the determination of photoinduced 14C-Endosulfan binding to cell proteins, cells were incubated for 30 min at 32°C and irradiated as described above. Then cells were precipitated with 3.5 ml of 25% ethanolic trichloroacetic acid at 4°C. The cell pellet was dissolved in electrophoresis buffer containing sodium dodecyl sulfate and subjected to gel electrophoresis overnight in 15% polyacrylamide (8) . Protein bands were made visible by staining with Coomassie blue, and the relative absorbance was measured by densitometric scanning. For determination of bound radioactivity, gels were sliced into 2-mm pieces. After digestion overnight at 50°C in 0.5 ml of 30% hydrogen peroxide, bound radioactivity was estimated by liquid scintillation counting.
Thiodan CE inhibited microbial growth and nitrogenase activity, respectively, from 10 to 50% at concentrations between 120 and 300 ,uM and between 20 and 120 FM (Table  1) . Thiodan-R concentrations of 1,550 and 2,400 ,uM were needed for 50% inhibition of growth and nitrogenase activity, respectively. Inhibition was not due to the formulation solvent xylene or to ethanol, because either solvent was less inhibitory when tested alone than when tested in combination with Endosulfan ( (Fig. 1) . Cell motility appeared impaired after 24 h of incubation with 40 to 400 pM Endosulfan. No changes in intercellular agglutination were observed.
Photobinding was dependent on concentration (data not shown) and showed a rapid binding equilibrium (Fig. 2) . Photoinduced binding of Endosulfan to subcellular fractions showed that 91% remained in the cell envelope and 9% remained in the cytosol when Endosulfan was dissolved in ethanol ( Table 2 ). Binding to cytosol proteins was increased to 21% when Endosulfan was dissolved in xylene (data not shown). Incubation at a low temperature (2°C) reduced the total amount of Endosulfan binding but did not appreciably alter the distribution pattern (Table 2) . At either temperature, the major fraction of bound Endosulfan was found in the cell envelope, indicating adsorption to the cell envelope rather than active transport of the pesticide. Figure 3 shows protein separation with a prominent peak at 40 kDa and a few other proteins with lower molecular masses. The distribution of 14C radioactivity clearly paralleled the protein distribution. There was no preferential association of the pesticide with any protein.
A. lipoferum was more highly resistant to Endosulfan in our experiments than in those reported previously. For example, 2.4 ,uM Endosulfan inhibits growth of Paramecium aurelia (18) , and 0.02 ,uM Endosulfan causes damage to cytoplasmatic membranes of human erythrocytes (3, 12) . (9, 11) . These structures are probably protective forms that generally appear under stress conditions (16) and disappear when the cells find better environmental conditions (14) . Earlier reports demonstrated that the cyst exine layer is formed by blebs that originate from the cell outer membrane (6) . Protein analysis showed high similarity between the cyst exine layer and the cellular outer membrane (15 
